INTRODUCTION
The coconut palm (Cocos nucifera) is a major cash crop in the coastal regions of Mozambique, and contributes greatly to, income and food security of millions of rural inhabitants. Outbreaks of coconut lethal yellowing disease (CLYD), caused by specialised phytoplasma bacteria, have killed about eight million coconut trees, threatening the industry and the livelihood of over three million people in Mozambique. Phytoplasmas are phloem limited and are transmitted by insect vectors, sucking phloem sap from sieve tubes (Garnier et al., 2001; Weintraub and Beanland, 2006) .
For control of phytoplasmas diseases, the primary concern is often prevention rather than treatment. Management includes control of the insect vectors and alternative plant hosts, destroying symptomatic plants and avoiding planting susceptible crops (Lee et al., 2000) . In Mozambique, the most common CLYD management strategy is cutting and burning of symptomatic coconut trees, suspected to be infected.
The Mozambique giant green tall variety is still considered to be tolerant, since it survives relatively longer against infection with CLYD, compared to other varieties. Therefore, this variety is widely used to replace dead coconut palms in Mozambique. The recurrence of CLYD disease in replanted devastated coconut farms, coupled with the isolation of lethal yellowing-type phytoplasmas in grass species (Brown et al., 2008; Nejat et al., 2009) , support the idea that other factors such as farming practices could have an impact on CLYD incidence. Furthermore, lethal yellowing disease does not kill all susceptible palms in one year; losses usually continue to occur over time for as long as the disease remains active at a particular site (Broshat et al., 2002) .
Other studies have reported that cultural control and integrated pest management (IPM) can be achieved by manipulating the habitats occupied by insects vectoring the diseases (Howard and Oropeza, 1998; Caudwell, 2000; Agrios, 2005; Weintraub and Beanland, 2006) . In addition, some legumes when used as cover crops provide poor breeding sites and/or do not support development of eggs or other immature stages of some insect pests. For example, larval development of Haplaxius crudus (previously known as Myndus crudus), the vector of lethal yellowing (LY) phytoplasmas in the Caribbean (Brown et al., 2006) , is not supported by the legume cover crop, Pueraria phaseoloides (Gitau, 2009) . The intensity of CLYD in Mozambique varies significantly among and within the affected areas, which is inconsistent with the largely similar agro-ecological conditions in these areas (Bila et al., 2014) . Thus, it is crucial to elucidate both the biology of the Mozambican phytoplasmas including the potential insect vector as well as the impact of agricultural practices. The objective of this study was to investigate the impact of farming practices and related history on the CLYD incidence in Mozambique.
MATERIALS AND METHODS
Field work. The study was conducted in the Zambezia province (Quelimane city, Inhassunge, Maganja da Costa, Namacurra, Pebane and Nicoadala) and in Nampula province (Moma and Angoche) in Mozambique. It consisted of two main activities (a) a socioeconomic survey involving households (Hhs) to capture information on farming systems, coconut production and household perception of the symptoms and control of CLYD; and (b) direct observations on the palm farms to estimate the incidence and severity of CLYD. Both approaches were conducted simultaneously at each household, randomly selected from the target population. The direct observations included a census of the coconut trees of the plantations (live, standing, dead and cut down due to CLYD, showing CLYD symptoms) and recording of additional farming systems data. The target population consisted of all Hhs currently or in a recent past involved in coconut production.
Data from the National Institute of Statistics in Mozambique for the 2007 population census were used to get a list of the sampling population. The final sample population contained 235 enumeration areas (EA), with 26,554 Hhs. Enumeration area was considered as the basic sampling unit that divides the country into statistically homogeneous areas, corresponding to the division in a territory within a village. Random sampling was considered the most appropriate since it would give better chances of capturing information from households in different levels of CLYD infection. Random sampling was performed in two steps; first a selection from the different enumeration areas, and second to select households within the selected EA. A sample of 50 EA and 10 households from each EA was drawn, summing up to a total of 500 observations. The dataset contained 533 different coconut farms, since a household could own more than one farm. The field work was carried out during October and November 2012.
Variables for the statistical models. The dependent variable (disease incidence) was considered as the ordered categorical variable with three levels, denoting (a) disease incidence ranging from 0-5% of infected trees, (b) disease incidence between 5 and 40%, and (c) more than 40% of disease incidence. The model included the following variables, namely, farm age (age) was a variable for the age of the coconut farm consisting of three categories. The first category denoted less than 10 years (coded as 1); while the second category denoted an age between 10 to 40 years (coded as 2), which is used as the reference group. The third category denotes more than 40 years (coded as 3). Other palm species (pspecies) was a variable describing if there were any other palm species present on the farm. The alternatives were Yes (coded as 1) and No (coded as 0).
Planting layout (layout), describing how the palm trees were planted, was a binary variable that denoted if the palm trees were planted in a zig-zag pattern (coded as 1), or if the palm trees stood in lines (coded as 2). The level of weed (weed) was a variable consisting of three categories. A clean farm without any weed, which was referred to as the reference group (coded as 1).
The second category denoted if there was creeping and/or tall grass on the farm (coded as 2), and the third category denoted if there was a higher degree of weed including woody plants (coded as 3). Coconut variety (variety) was a variable which described the variety type on the farm, consisting of three categories. The variety could be dwarf (coded as 1), tall (coded as 2), which was the reference group; or a hybrid between dwarf and tall (coded as 3). Removing mature leaves (prune) was a variable describing if farmers cut the mature leaves for other purposes such as fencing or house roofs. The alternatives were Yes (coded as 1) or No (coded as 0).
Holes in stem for climbing (climbing) was a variable describing if farmers dug the stem to make holes for climbing purposes. The alternatives were Yes (coded as 1) or No (coded as 0). Inflorescence cut was a variable describing if farmers cut fresh inflorescence for local wine "sura" production purposes. The alternatives were Yes (coded as 1) or No (coded as 0). Root cut (root) was a variable describing if farmers cut roots for other purposes such as medicinal. The alternatives were Yes (coded as 1) or No (coded as 0).
Type of soil (soil) was a variable which described the soil on the farm, consisting of three categories. The soil could consist of sand (coded as 1), between sand and soft clay (coded as 2), which is the reference group, or soft clay (coded as 3). Intercropping on the farm (intercropping) was a variable denoting if the farmer cultivated other crops, than the coconut. The alternatives were Yes (coded as 1) or No (coded as 0).
Data analysis. Data analysis was done using SAS 9.4 Software (SAS Institute Inc. copyright©2013, Cary, NC 27513, USA). Based on our hypothesis and study design data were analysed using Logistic regression. Since the explanatory variables in the models were both metric and non-metric, and the character of the dependent variable was ordinal (ordered categorical), the list of statistical techniques was limited, and the choice of technique stood between two methods. Besides the logistic regression, discriminant analysis was an alternative because it also allows the dependent variable to be non-metric. Although this holds, the discriminant analysis technique requires that the explanatory variables are metric and that there are no large variations in the group sizes, since that would affect the estimation of the discriminant function and the classification of observations (Hair et al., 2014) . The discriminant analysis technique would also fail to satisfy the group sizes assumption (Table 1) . Regarding these two complications, the choice of statistical method favored the logistic regression. The goal with logistic regression was to predict the probability of an event occurring (in this study the event of having higher disease incidence) from the impact of the explanatory variables (Equation 1). The outcome was interpreted in terms of odds, where an odds is defined as the ratio of the probability of two outcomes of events.
Odds of having higher disease incidence = Assumptions. For the analysis to be trustworthy, there are criteria that needed to be fulfilled, such as sample size, both overall and on a group-bygroup level, and if there was presence of multicollinearity between the explanatory variables. Recommendations state that at least 400 observations (Hair et al., 2014) are suitable for a reliable study. The sample for this investigation contained 533 different farm observations. Regarding the sample size per group of the dependent variable, the recommendation is to have at least 10 observations times the number of explanatory variables in each of the groups of the dependent variable (Hair et al., 2014) . For the present study, that would mean to have at least 10 x 15 (explanatory variables levels, excluding the reference group) observations in each group of disease incidence level (data not shown) for model 1 (Equation 1), which does not hold (Table  1) . Therefore, the second and third Equations were estimated containing only the significant variables from the first model. A single model, including all the five significant explanatory variables from Model 1 (Equation 1), would fail to satisfy the group-by-group assumption, that is why two separate models were developed (Equations 2 and 3). Odds of having higher disease incidence = For the last two models (Equations 2 and 3), the recommended sample size per group of the dependent variable should at least be 10 x 6 (explanatory variables levels, excluding the reference group) = 60 observations in each group of disease incidence level, which does hold (Table  1) . Together, this information states that the assumption for the group sizes was satisfied.
The last thing to consider was multicollinearity between the explanatory variables in the model (Jaccard, 2001) , where multicollinearity referred to the correlation between two or more variables. Spearman's Correlation Measure was used to investigate the pairwise correlations between numerical and ordinal variables in this study. Planting layout, coconut variety and soil types were not included in the correlation analysis, since they were strictly categorical variables. Table 2 shows that there were no strong correlations between the independent variables, where a value higher than 0.70 can indicate a problem (Jaccard, 2001) . Another way to check for multicollinearity was to look at the tolerance value (Equation 4). Tolerance is the amount of variability of a particular explanatory variable which is not explained by the other explanatory variables (Hair et al., 2014) . The inverse of tolerance gives the variance inflation factor (VIF). The square root of VIF tells the degree to which the standard error of a certain explanatory variable has been increased due to multicollinearity. A VIF-value of 10 or higher (corresponding to a tolerance value of 0.1 or less) indicates that a variable is highly correlated to the others, and that there could be a problem with multicollinearity (Hair et al., 2014) . Table 3 , presents tolerance and VIF values for the explanatory variables. There was no sign of multicollinearity, hence the third recommendation was fulfilled. To summarise, all recommendations for a trustworthy study using logistic regression were, therefore, satisfied. Furthermore, the estimation of the disease incidence was based on symptomatic plants, and did not take into account the latent infection which may increase the model probability. It is also important to note how challenging it is to conduct field trials for CLYD related issues, for which the insect vector is yet unknown. Hence, we made assessment in non-experimental fields that have been affected by the disease.
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RESULTS
The results from the constructed models are presented in Tables 4 -5. Even though Model 1 did not satisfy the group-by-group size assumptions, overall the three models are concordant on the significant variables and Odds ratio estimates of the explanatory variables. Since the tree models explained the same thing, the results could be presented using any of them, but for consistency the results presentation was mainly based on models 2 and 3 since they satisfied all recommendations for trustworthy analyses.
Logistic regression analysis of models 2 and 3 indicated that five out of 11 explanatory variables had a significant (P< 0.05) effect on the odds of CLYD incidence (Table 5 ). The variables with significant effects on the odds of a higher disease incidence were farm age (0-10 and more than 40 years old, compared to the reference category 10-40 years of age), presence of other palm species on the coconut farm, type of coconut variety grown (dwarf and hybrid varieties, compared to reference tall variety), root cut practices, and intercropping (Table 5) .
Coconut farms of 10 or less years old had about three times (odds ratio = 2.727) high odds of having higher disease incidence compared to the reference (10-40 years old); while coconut farms more than 40 years old had almost 10% lower odds (odds ratio = 0.926) of having high disease incidence than the reference category. Moreover, the distribution within the variable farm age showed that approximately 45% of the farms were more than 40 years old, while only 5% were 0-10 years old (data not shown).
Moreover, coconut farms that had other palm species in the farm had almost two times (odds ratio = 1.691) higher odds of having higher disease incidence level compared to farms without other palm species. From the overall sample, about 17% had other palm species on the farms. The other palm species commonly found on the coconut farms were the African oil palm (Elaeis guineensis), African fan palm (Borassus aethiopum), Senegal date palm (Phoenix reclinata) and Lala palm (Hyphaene coriacea) (data not shown).
Coconut farms planted with the dwarf variety had around 40% (odds ratio = 1.433) higher odds of having higher disease incidence compared to farms with the tall variety; whereas coconut farms with the hybrid variety had around 60% lower odds of having higher disease incidence compared to farms with the tall variety (odds ratio = 0.385). The main variety grown in the study site was the tall variety (78%), followed by the dwarf variety (16%), and lastly the hybrid variety (6%). These varieties could be further discriminated based on phenotype ranging from green, red, brown to yellow (data not shown). Coconut farms where farmers cut roots for other purposes had three times higher odds of having higher disease incidence levels compared to farms that did not cut the roots (odds ratio = 2.805). The root cutting practice was not common in the study area, only 6% of the farmers reported this activity.
Coconut farms with some kind of intercropping had almost two times higher odds of having higher disease incidence levels compared to farms without intercropping (odds ratio = 1.819). The proportion of farmers managing the farms using intercropping was 26%. The crops most commonly intercropped with coconut were grain cereals, grain legumes and root tuber (data not shown).
Goodness of fit of the models. The models were concordant to detect variables with significant effect for increasing disease incidence. However it is important to show how good the predicted results of the models were. Table 5 show that both the measures Gamma and Somers' D (Goktas and Isci, 2011) had values above 0.20, indicating that the models prediction values of the dependent variable were reliable. A value of 0 of these measures would indicate a random assignment of predicted values; while value of 1 would indicate perfect prediction; and -1 the opposite. Furthermore, Tau-C (Goktas and Isci, 2011) had a value above 0.5, which is in line with the result from Gamma and Somers' D predictions. A Tau-C value of 0.5 indicates that the model randomly assigns the predicted values, and with a value of 1 all predicted values are correctly assigned. Moreover, the likelihood ratio estimates for the three models (Tables 4-5) are in line with the hypothesis of proportional odds which means that the effect of any higher level of CLYD incidence is of the same size. In summary, the predicted results of the models were trustworthy.
DISCUSSION
The observation that coconut farms aged 10 years or less were more vulnerable to the disease, while coconut farms with more than 40 years old had succumbed less to the disease (Table 5) , may be due to increased tolerance of the disease in older plants. For example, in Ghana Vanuatu Tall (VTT) mature palms that initially tested positive for phytoplasmas, had not yet developed symptoms after six years. Incubation periods of more than 28 months were recorded in mature Malayan Yellow Dwarf x VTT hybrids (Nipah, 2000) . Harris and Maramorosch (2013) reported an incubation period of LY phytoplasmas in young coconut palms of 3-11 months. This confirms that mature coconut palms are more tolerant than young ones. Furthermore, younger coconut palms are preferred hosts for the adult of the coconut beetle Oryctes monoceros (Allou, et al., 2006; Allou, et al., 2012) , a major coconut pest in Mozambique, which may weaken the palm. Damage is generally caused by adult beetles making feeding galleries in the apical section of young palms, but also of mature palms when beetle populations are large (Allou, et al., 2006) .
The detected significant effect of the presence of other palm species in coconut farms for higher odds of CLYD incidence (Table 5) , was not surprising because more than 30 palm species have been shown to be susceptible to lethal phytoplasmas (Howard, 1992) . Nearly all other palm species commonly found in the coconut farms in Mozambique, such as African oil palm (E. guineensis), African fan palm (Borassus aethiopum), Senegal date palm (Phoenix reclinata) and Lala palm (Hyphaene coriacea) have been associated with LY Phytoplasma elsewhere (Howard, 1992 (Brown et al., 2008; Nejat et al., 2009; ) . Accordingly, the two naturalised palm species, African Fan Palm (Borassus aethiopum) and Oil Palm (Elaeis guineensis), were recently recorded as alternative hosts of CLYD in Mozambique (Bila et al., 2015) . It is, therefore, sensible that the presence of other palm species increases the odds for higher CLYD incidence, since the other palm species can act as reservoirs of inoculum for the coconut palms.
Coconut farms planted with the dwarf variety had around 40% higher odds of having higher disease incidence, compared to farms with the tall variety (Table 5) ; whereas coconut farms with the hybrid variety had around 60% lower odds of having higher disease incidence compared to the tall variety. This finding suggests that tall varieties are relatively more tolerant to phytoplasma associated with CLYD compared to the dwarf variety. This result is in line with current CLYD management strategy in Mozambique, which consists of removal (cut and burn) of symptomatic coconut trees, and replacement with the Mozambique giant green tall tolerant variety. Eden-Green (2006) reported that the Mozambique Tall (MZT) variety can survive prolonged exposure to the disease. Based on our results, the Mozambique giant green tall variety can still be considered tolerant to CLYD.
Coconut farms where farmers cut roots had three times higher odds of having higher disease incidence (Table 5 ). LY disease of palms, are also referred to as "lethal decline", "root wilt" and white tip die-back (Mehdi et al., 2012) . Oropeza et al. (2011) investigated the phytoplasmas distribution in different coconut parts and found a very high level of LY phytoplasmas DNA in stem, young leaves, inflorescences, stem apex and root apex. However, low levels were found in the intermediate leaves and roots without apex. This suggests that roots are important parts in the epidemiology of LY disease.
The combined effect of root cut and wilting because of the LY phytoplasma infection, is likely to affect water and nutrients acquisition by the plants. Moreover, the combined injury caused by root cutting and phytoplasma may be entry points for other pests, and may weaken the plant defence due to co-infection (Gitau et al., 2009) . Several researchers (Garnier et al., 2001; Weintraub and Beanland, 2006; Bertaccini, 2007; Nejat and Vadamalai, 2010) have reported the dependence on phloem-sucking insect vectors for phytoplasma transmission. Gitau et al. (2009) also reported examples of pathogen transmission vectored by non-sucking insects feeding at plant wounds or open cuts.
Coconut farms with some kind of intercropping had two times higher odds of having higher disease incidence levels compared to farms with monocropping (Table 5) . Intercropping has been widely recommended as an IPM strategy for many plant diseases, including palm (Gitau et al., 2009) . The results of this study contradict this suggestion, since intercropping increased the odds of high disease incidence. In line with this, Oleke et al. (2012) found that intercropping coconut with cassava, maize, cashew nut, sorghum and/or pineapples served as alternative crops used by farmers to cope with declining coconut production, caused by coconut mite and lethal yellowing disease in Tanzania. However, the practices were not promising as part of the disease management strategy. In Ghana, Andoh-Mensah and OfosuBudu (2012) also found that intercropping coconut with citrus did not lower CLYD incidence, but contributed to a substantial part of the fruit income as insurance against lethal yellowing disease.
In general, intercropping seems to be important in terms of income replacement for coping with declining coconut production due to CLYD, rather than controlling the disease. In our study, about 26% of the farmers in the study site intercropped coconut palm mostly with grain cereals, grain legumes and root tuber. It is also important to note that some of the crops used by the farmers for intercropping could also be hosts to yet unknown CLYD insect vectors in Mozambique. For example, in the Caribbean palm plantations, maintaining grass that impedes development of LY phytoplasmas vector, H. crudus larvae, has been a successful practice (Howard, 1990) . May be, in Mozambique, better CLYD management could be achieved by intercropping coconut with similar height plants, which are likely to affect the sensory ability and movement of the insect from one palm to another. The effect of intercropping is still unclear and requires additional research to be explained.
Other tested variables did not show effect on CLYD incidence (Table 4) . Therefore, based on this study, planting layout, weeding, the removal of mature leaves, cutting steps in the trunk, cutting the inflorescence for local wine production or soil type had no affect on CLYD incidence. However, in Caribbean and Malaysia, LY phytoplasmas have been detected in grass species such as Emelia forsbegii, Synedrella nodiflora and Bermuda grass (Cynodon dactylon) (Brown et al., 2008; Nejat et al., 2009) ; hence the importance of weeding cannot be neglected. Likewise, the cutting of newly emerged inflorescences for local wine production did not show any significant effect on the disease incidence, even though inflorescences were among the palm parts with higher level of lethal yellowing-type phytoplasma DNA (Oropeza et al., 2011) .
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